We present the first high-angular resolution (up to 0.
INTRODUCTION
Stars form in giant molecular clouds under the threads of turbulence (see review by Mac Low & Klessen 2004) and large-scale magnetic (B) fields (e.g. Crutcher 1999 ). Theoretically, the significance of the B field influences how structures are formed, such as the density contrast within structures (Kowal et al. 2007) , the star formation rate (Vázquez-Semadeni et al. 2005; Price & Bate 2008) and the suppressed fragmentation (Price & Bate 2007; Hennebelle et al. 2011 ). However, the B fields in starforming clouds are not well constrained observationally, because they are difficult to detect. The Zeeman effect on spectral lines can trace the B field strength along the line of sight (e.g. Fish & Reid 2006; Vlemmings et al. 2006; Falgarone et al. 2008; Surcis et al. 2012) . The B field properties on the plane of sky, B ⊥ , rely on polarization studies.
Dust grains are thought to be partly aligned with their minor axes to the magnetic field lines. Several alignment mechanisms have been studied (see review by Lazarian 2000) , and radiative torques are likely to be responsible for the dust alignment (Draine & Weingartner 1996 Cho & Lazarian 2005; Lazarian & Hoang 2007) . Due to the difference in emissivity along the major and minor axes of the elongated dust grains, the thermal emission from dust grains can therefore be partly linearly polarized perpendicular to the field lines (Hildebrand 1988) . The B ⊥ morphology can therefore be inferred by rotating the detected polarization of the thermal emission by 90
• . Linear polarization of thermal dust emission has been imaged at far infrared and at submillimeter (submm) in several star-forming clouds (e.g., Greaves et al. 1994; Chrysostomou et al. 2002; Vaillancourt et al. 2008; Dotson et al. 2010; Matthews et al. 2009 ). To further resolve the star-forming cores, higher angular resolution observations of the millimeter (mm) and submm continuum emission are powerful, because the continuum is mostly optically thin at these wavelengths. Both massive and low mass star-forming cores have been imaged in linear polarization with an angular resolution of a few arcsecond in the mm and submm regime (e.g., Lai et al. 2001; Girart et al. 2006; Tang et al. 2009a,b; Rao et al. 2009; Tang et al. 2010 ). W51 North is another good candidate to study the massive star formation processes. It has strong dust emission at mm wavelengths. This increases the possibilities to detect polarization, because the linear polarization percentage is typically only a few percent in star-forming regions and therefore, difficult to measure.
The W51 North region is active in star formation. It lies within the HII region complex G49.5-0.4 in W51 A, west of the W51 giant molecular cloud. It is located 5−8 kpc away in the Sagittarius spiral arm Imai et al. 2002; Xu et al. 2009) . In this paper, we adopt a distance of 7 kpc. At radio wavelengths (1.3 cm and 3.6 cm), an edge-brightened cometary HII region, W51 d, and an ultracompact HII (UCHII) region, W51 d2, (Gaume et al. 1993) were detected. The brightest mm source is 2 ′′ to the east of W51 d2 (Zhang et al. 1998; Sollins et al. 2004; Zapata et al. 2008) . Associated with this mm source, a group of H 2 O, OH and SiO masers were detected, and it has been also named as "the dominant center" (Schneps et al. 1981) . In this dominant center, infall signatures have been detected (Sollins et al. 2004; Zapata et al. 2008 Zapata et al. , 2009 ). The outflows from the dominant center were reported to have position angles between 105
• and 150
• (Eisner et al. 2002; Zhang et al. 1998; Zapata et al. 2009 ). An embedded protostar candidate OKYM 1 (also called KJD 3, Kraemer et al. 2001) , 1
′′ to the north-east of the dominant center, was reported (Okamoto et al. 2001; Barbosa et al. 2008 ). This region is, thus, a very active star-forming complex where several regions are in different evolutionary stages. Linear polarization of thermal dust continuum toward W51N was detected in the submm regime with single dish telescopes. At wavelengths of 350 µm with an angular resolution of 20 ′′ , Dotson et al. (2010) show that the polarization is mainly uniform across W51 North. In contrast, at 850 µm, both Chrysostomou et al. (2002) and Matthews et al. (2009) show that there are more variations in the polarization orientations. Since there is probably multiple ongoing star formation in W51 North, higher angular resolution measurements of the polarization are important to reveal the physical conditions at this scale. Hereafter, the data obtained from Dotson et al. (2010) and Chrysostomou et al. (2002) are called CSO and JCMT, respectively.
Here, we report the new Submillimeter Array (SMA) 870 µm continuum images and the detection of linearly polarized emission of dust continuum at an angular resolution up to 0.
′′ 7 toward the W51 North. Polarization percentages and position angles, and the correlation between position angle and intensity are studied. With the goal of providing a more complete scenario of the role of the magnetic field over several scales, we further compare our new polarization results at a scale of 60 mpc with the published polarization images at a scale of a few pc at the submm regime from CSO and JCMT. The observations and data reduction are described in section 2. The observational results are shown in section 3. In section 4, we will present the detailed quantitative analyses of the polarization of our new observational results, and we will provide a physical explanation of the derived values. We then propose a schematic scenario for the magnetic field in W51 North. We draw conclusions and summarize in section 5. The observations were carried out using the SMA 5 in the extended and subcompact configuration, respectively. In the following, the results obtained from the extended and the subcompact configuration are called SMA-Ext and SMA-SubC, respectively. The synthesized beams (angular resolutions), θ syn , of SMA-Ext and SMA-SubC are ∼ 0.
OBSERVATIONS AND DATA REDUCTION
′′ 7 and 4 ′′ , respectively. In both observations, the local oscillator frequency was tuned to 341.482 GHz (870 µm). The observational details are listed in Table 1 .
The SMA-Ext observation was carried out along with W51 e2/e8. These two sources shared the same calibrators and were reduced and imaged in the same way. The details of the observation and data reduction are described in Tang et al. (2009) . In brief, the SMAExt data were reduced and imaged in MIRIAD following standard procedures. An additional calibration on the instrumental polarization (also called the leakage terms) was derived using the calibrator 3c454.3. The largest size scale which could be sampled in the extended track was ∼8 ′′ (0.3 pc). For the subcompact track, the data were reduced with MIR and then imaged using MIRIAD.
The position angle of the polarization, φ pol , is calculated from: φ pol = 1 2 tan −1 U Q , increasing counterclockwise in the range −90
• to 90
• . The strength, I p , and percentage, P (%), of the linearly polarized emission are calculated from:
Q,U and P (%) = I p /I, respectively. Here, σ Q,U is the noise level of the Stokes Q and U images, and it is also the bias correction due to the positive measure of I p (Leahy 1989; Wardle & Kronberg 1974 Zapata et al. 2008) shown in white contours and color scale, respectively. The small squares mark the position of the edge-brightened cometary/shell-like HII region W51 d and W51 d2 (Gaume et al. 1993) . The infrared source KJD3 (also called OKMY 1) is marked as * . The stars mark the identified O stars by Okamoto et al. (2001) . The pluses mark the resolved submillimeter sources SMA 1 to 4. Note. -Resolved components of the east-west dust ridge in the SMA-Ext data. φ pol and σ φ pol are the mean and the standard deviation of the polarization position angles (φ pol ), respectively. Deconvolved sizes for SMA1 to SMA4 are obtained by fitting 2D-Gaussians.
The 870 µm continuum emission is resolved in both SMA-SubC and SMA-Ext. With θ syn of 4 ′′ (SMA-SubC), the 870 µm continuum emission is elongated in the eastwest (EW) direction with an extension toward the north (Figure 1b) . This is consistent with the 2 mm continuum map (Zhang et al. 1998 ) and the thermal NH 3 emission (Zhang & Ho 1995) . With θ syn of 0.
′′ 7 (SMA-Ext), the EW ridge is further resolved into SMA1 to SMA4, as labeled in Figure 1a . The coordinates and flux densities of SMA1 to SMA4 are determined by fitting 2-D Gaussians. They are listed in Table 2 .
The brightest 870 µm continuum peak is SMA1, which is consistent with the location of the brightest peak at 7 mm (Zapata et al. 2009 ) and at 2 mm (Zhang et al. 1998) . SMA2, SMA3 and SMA4 are resolved for the first time in the mm/submm regime. For SMA2, although there is no previous report of detection, it can be seen at 1.3 mm (Figure 1 in Zapata et al. 2008) . Associated with SMA3 is the UCHII region W51 d2, 0.
′′ 5 to the south, and a NH 3 maser (Mauersberger et al. 1987; Wilson et al. 1991; Gaume et al. 1993) . Among these 4 resolved SMA sources, SMA3 is the most evolved source due to its free-free emission, which suggests the existence of ionized gas. The existence of masers in SMA1 and SMA3 suggests that these two locations are active in star formation.
Flux Density and Mass
The flux density detected with SMA-SubC is 27±3 Jy. Comparing to the single dish measurement at the same location of 44 Jy (Chrysostomou et al. 2002) , about 60% of the flux density is recovered in SMA-SubC. The compact structures (SMA1 to SMA4) identified from SMAExt have a total flux density of 15±1 Jy over the EW dust ridge. Comparing to the total emission of 44 Jy, these compact structures make for about 34% of the total emission. The majority of the emission is, thus, in the extended structure which is filtered out by the sampling of longer baselines.
The free-free continuum emission is 2.5 mJy at 3.6 cm toward W51 d2 (named as SMA3 in this paper; Gaume et al. 1993) , and it will be 1.7 mJy or 16 mJy when extrapolated to 870 µm, assuming an optically thin spectral index (α) of −0.1 or an optically thick α of 0.6, respectively. While the flux density of SMA3 is 2.4 Jy at 870µm, the contribution from free-free emission is negligible. The 870µm continuum emission along SMA1 to SMA4 is, thus, mainly from thermal dust emission. For the extended HII region W51 d, the flux density is 1 Jy at 1.3 cm, and it will be 0.8 Jy or 5 Jy at 870 µm assuming α of −0.1 or 0.6, respectively. At this location, the detected intensity at 870 µm with SMA-SubC is ∼5 Jy beam −1 . Thus, the traced extension to the north at 870 µm could have a significant contribution from the free-free emission, if this free-free emission is not optically thin between the wavelength of 1.3 cm and 870 µm.
The total gas mass, M gas , can be estimated from the dust continuum, assuming a gas temperature of 100 K (Zhang et al. 1998 ), a dust opacity κ λ=870µm ∝ λ −2 ≈ 0.4 cm 2 g −1 (following the standard equation in Agladze et al. 1996) , and a gas-to-dust ratio of 100. For SMA1, M gas is ∼130 M ⊙ , roughly consistent with the value reported in Zhang et al. (1998) of 100 M ⊙ and Zapata et al. (2008) of 90 M ⊙ . For SMA 2, SMA 3 and SMA 4, M gas is 39, 36 and 21 M ⊙ , respectively. We note that the estimated mass can vary by a factor of a few due to the uncertainty in κ λ , the assumed dust temperature, the gas-to-dust ratio and the distance to the source.
Dust Polarization

Morphology
The linear polarization is detected in most parts of the dust ridge (Figures 1b and 1c) . The presented polarization segments were gridded every 0.
′′ 3 for SMA-Ext and every 2 ′′ × 1. ′′ 8 for SMA-SubC, which is about half of the synthesized beam in order to present the variations of the position angles (P.A.s). The detected polarization data above 2.5 σ Ip for the SMA-Ext and above 2 σ Ip for the SMA-SubC are listed in Table 3 . We choose to set a 2σ Ip threshold for the SMA-SubC in order to recover more polarization segments, where otherwise only 8 (out of 15) for SMA-SubC and 43 (out of 48) for SMA-Ext segments would remain with a 3σ Ip limit.
In the SMA-SubC map (Figure 1b ), there is a region without significant polarization about 2 ′′ north of SMA3. As zooming in with SMA-Ext, there are zones without significant polarization in between SMA1 and SMA2, between SMA2 and SMA3 and at the peak of SMA3 and SMA4. The areas without significant polarization near the intensity peaks and in between SMA1 and SMA2 may be due to complex underlying field geometries, as they appear in between two dramatically different PA regions. One example of a complex field in a region with low/no polarization detection is the W51 e2/e8 region. Observationally, the W51 e2 core was found to have low/no polarization in the 1.3 mm continuum with lower angular resolution (3 ′′ ) by Lai et al. (2001) . This core has actually been detected and resolved in polarization at 870 µm at higher angular resolution (0.7 ′′ ) by Tang et al. (2009b) .
Distribution Plots
The distributions of the polarization position angles (φ pol ) are shown in Figure 2a . In the shorter baseline data (SMA-SubC), the φ pol are mainly in two ranges, namely around 50
• and around -60
• . As we will discuss in section 4.1, this bimodal-like distribution reflects a mirror symmetry in the polarization structure. The component at 50
• is consistent with the single dish polarization measurement at 350 µm with an angular resolution of about 20 ′′ (Dotson et al. 2010) . With smaller θ syn (SMA-Ext), the dust ridge and polarization are further resolved and exhibit more structures. In the majority of the detected patches, values for φ pol are around −50
• with smooth variations within these areas (Figure 1c) . The distribution for SMA-Ext is, consequently, peaking around −50
• in Figure 2a . Near SMA2, the φ pol are very different from the φ pol at the other positions. The φ pol of these segments are more perpendicular to the intensity gradients at these positions ( Figure 1c ). Since there are no reported ongoing star formation activities here, the origin of this abrupt change in φ pol from SMA1 to SMA2 and to SMA3 is not clear. The component with φ pol of 50
• seen in the SMA-SubC map is not seen in the SMA-Ext map (Figure 1c ). This suggests that this component originates from extended structures and is not sampled in the SMA-Ext data.
A log-log plot of the polarization percentage (P ) versus the normalized intensity is shown in Figure 2b . P (%) is in the range of <1 to 4.5% and the mean P (%) is 1.81% and 1.07% for the SMA-Ext and SMA-SubC, respectively. There is a general trend for both our highangular-resolution data and the single dish data from the CSO and the JCMT: P decreases with larger intensity. Numerical simulations have shown that such anticorrelations can be due to a more complex φ pol -structure in dense regions (Falceta-Gonçalves et al. 2008 ).
DISCUSSION
In this section we discuss the different morphologies in the dust emission with its associated B field from 4 different scales/layers. The larger scale data (shown in Figures 3a and 3b) are from the single dish by CSO (Hertz, Dowell et al. 1998 ) at 350 µm (Dotson et al. 2010 ) at a scale of 3 pc and by JCMT (SCUBA, Holland et al. 1998) at 850 µm (Chrysostomou et al. 2002) at a scale of 2 pc. The smaller scale data are from our SMA-SubC at a scale of 0.3 pc and from SMA-Ext at a scale of 60 mpc at 870 µm (Figure 3c ). The position angle of the magnetic field (φ B ) is obtained by rotating the detected φ pol by 90
• . We also provide a quantitative analysis in support of the observational description in section 4.2. We conclude in section 4.3 with a schematic scenario of the magnetic field observations so far in the W51 North region.
SMA high-resolution magnetic field morphologies
The dust continuum morphology in the SMA-SubC shows regular contours with an extension to the west. These contours show some symmetries along an EW axis around ∆Dec.=0
′′ (Figure 3c) . Similarly, the detected polarization segments reveal a north-south symmetry (upper and lower planes) along the same axis. Assuming flux-freezing with the gas mostly moving along the field lines, the combined observed symmetry patterns (in the dust continuum and the field morphologies) are suggestive to find mass accumulations mostly along the symmetry axis. Indeed, the detected cores (SMA1 to SMA4) in the SMA-Ext data (Figure 3c ) are mostly aligned on an EW axis at the above declination. Thus, the observed field configuration on the ∼ 0.3 pc scale (SMA-SubC) appears to be channeling and aligning material, which is detected as denser cores on a ∼ 60 mpc scale (SMA-Ext) once the extended emission is filtered out.
Unlike the symmetric field configuration on the ∼ 0.3 pc scale, the smaller individual cores on the ∼ 60 mpc scale show very different field morphologies. SMA1 exhibits φ B orientations roughly comparable to that of the one corresponding segment of the subcompact data (Figure 3c) . The morphology possibly also shows a hint of gravity dragging in the B field lines toward the center. The patch of segments in SMA2 is rather orthogonal to the SMA-SubC segment next to it. SMA3 and SMA4 show again a more closer alignment with the single SMASubC segment but with some deviations up to about 45
• . Thus, within one resolution element of the SMA-SubC data (where neighboring segments along the symmetry axis show only little changes in orientation), the detected φ B in the SMA-Ext data show changes in orientation of up to 90
• . The B morphology associated with SMA1 is particularly interesting. As mentioned in section 1, collapsing signatures and a rotating molecular ring have been reported toward SMA1 (Sollins et al. 2004; Zapata et al. 2008 Zapata et al. , 2009 ). The detected pinched B field morphology associated with SMA1 is, therefore, consistent with the picture of the B field lines being dragged by inward motions and/or the rotation of the molecular ring.
Despite the very different field orientations in SMA1 to SMA4, the φ B in these cores all reveal a common trend: the field segments tend to be aligned with the orientations of the dust continuum intensity gradients, φ ∇I , in many locations 6 . In section 4.2, we will have a more quantitative analysis on this correlation. Figures 4a to 4d show the dust emission maps overlaid with the magnetic field segments (red) and the intensity gradient segments (blue). Inspired by the close alignment of the position angles of the intensity gradients, φ ∇I , and the position angles of the B field, φ B , we apply further analyses in this subsection.
Quantitative Analysis
Correlation of φ∇I and φB
We first compare the correlation of φ ∇I and φ B in these 4 data sets. The correlation plots are shown in Figure  5 . The uniformity of the B field traced with the CSO is apparent here with a large group of data points scattering around φ B of 120
• . Except for the CSO data, the correlation between φ ∇I and φ B can be seen by eye.
The correlation is further analyzed quantitatively using Pearson's correlation coefficient, C. The uncertainties in 6 The dust intensity gradients are orthogonal to the dust emission contours (in the plane of sky). The resulting position angles, φ ∇I , are defined in the range of 0 • to 180 • . the correlation coefficient (the standard deviation), σ C , are estimated using a Monte-Carlo approach where errors in both φ B and φ ∇I are propagated through the calculation. Gaussian distributions of the φ B (= φ pol + 90
• ) uncertainties at two sigma level, i.e. 2 times the σ φ pol term in Table 3 , are adopted. Gaussian distributions with mean uncertainties of ∼ 3
• − 5
• -which is the result after interpolating between Stokes I values in order to calculate gradients -are used for the φ ∇I uncertainties. Resulting values of σ C are in the range of 0.02 to 0.08.
As listed in Table 4 , C is highest in the highest resolution data (SMA-Ext), being 0.88±0.01, suggesting that the correlation between φ ∇I and φ B is tightest in the structures revealed with SMA-Ext. For SMA-SubC, the C value is 0.78±0.03. The C values for the CSO and the JCMT data are 0.81±0.03 and 0.70±0.02, respectively. We further derive the C values for the CSO and the JCMT data for two separated regions: the core and the region outside of the core. The C values are larger in the cores, being 0.88±0.04 and 0.73±0.02 in the CSO and JCMT data, respectively. This is similar to the high C value in SMA-Ext, further confirming that the φ ∇I and φ B correlation is higher in the cores. Outside of the core region, the C values are generally smaller (0.59±0.04 for CSO and 0.66±0.02 for JCMT), and the correlation Note. -Statistical quantities derived using the position angles of the intensity gradient (φ∇I) and the position angles of the magnetic field (φB). θ (syn) and λ are the angular resolution and the wavelength of the traced emission, respectively. C is the Pearson's correlation coefficient between φB and φ∇I, and its standard deviation is given by σC . |△φB| and σ |△φ B | are the mean difference of φB of polarization pairs and the standard deviation of the difference, respectively. |δ| and σ |δ| is the mean of the absolute difference between φB and φ∇I and its standard deviation, respectively. ΣB is the mean of the ratio of the magnetic field force to gravitational force (ΣB), which is calculated with the method introduced in Koch et al. (2012a) . Values after removing the outliers are listed in parenthesis. (a) Values derived using the pixels marked within the cyan square in Figure 4 . (b) Values derived using the pixels outside the cyan square in Figure 4 (named as outside of the core region in the text). is worse. It is systematic that both the CSO and the JCMT data show a difference in C between the core and the outside-the-core region. We will propose a physical interpretation for such a change in C in section 4.2.2.
In addition to the φ ∇I -φ B plot, we also compare the distribution of the angle difference, φ δ , between φ B and φ ∇I (Figure 6a ). It is important to note that all the distributions are non-Gaussian, i.e., the differences in the magnetic field and intensity gradient orientations are not only due to a measurement uncertainty, but point toward a more fundamental physical interpretation as explored in Koch et al. (2012a) .
The differences of individual pairs of field segments over an observed map are also compared. The histograms in Figure 6b display |∆φ B | ≡ |φ B,i − φ B,j | for all possible pairs of segments i and j in a map. A systematic difference is apparent between the CSO data and the other 3 data sets. The CSO distribution peaks at small values, with an average change in orientation |∆φ B | = 12
• , whereas the other distributions are close to flat with average changes around 40
• (Table 4 ). This reflects the visual impression that the field is mostly uniform in orientation in the CSO map at φ B of 120
• . In the other maps, the field orientations seem to be more significantly shaped and overcome by other forces, erasing the original likely uniform orientation of the field. Thus, one might conclude that on the largest scales, a uniform field morphology points to a more significant role of the magnetic field.
Application of the Polarization -Intensity Gradient Method
In this subsection, we apply the new polarizationintensity gradient method to derive the force ratio (Σ B ) map of the magnetic field to the gravitational force (see Koch et al. 2012a , for the development of the method). The derivation of Σ B makes use of |φ δ | in combination with an additional angle between φ ∇I and the local gravity direction. This local gravity direction is calculated from the positions of the gravity centers which are identified with the emission peaks in a map 7 . For SMAExt, two gravity centers are defined, namely SMA1 and SMA3, around which most of the polarization is detected. Figures 4e to 4h show maps of the force ratio Σ B . Values averaged over the map, Σ B , are listed in Table 4 . The uncertainties of the derived ratios depend on several factors, such as the φ pol uncertainties and the positions of the gravity centers in a map. Adopting uncertainties like in the previous section for C err , typical errors in Σ B are ∼ 5% for core-like structures like in SMA-Ext. The errors can grow to ∼ 20% for larger scale field morphologies where gravity centers are less defined. Averaging Σ B over a larger area (cores, outside-core regions) will 7 For the original derivation of the force ratio Σ B we refer the reader to Koch et al. (2012a) . Σ B is found from an MHD force equation, comparing the field tension force F B and the gravitational force F G via measurable angles: Σ B = F B /F G = sin ψ/ sin α. The angle ψ is defined by the intensity gradient and the direction of gravitational force. The angle α is between the intensity gradient and the originally detected polarization orientations.
typically lead to errors of a few percents.
The Σ B values of the large-scale observations with the CSO and the JCMT are around 0.71 and 1.17 when averaged over the entire area, respectively. If we separate the values into core region and outside-the-core region, Σ B is 0.69 (∼ 0.59 if outliers are removed) and 0.72 for CSO in the core and outside, respectively. For JCMT, the variation is more dramatic, being 0.42 (0.27 if outliers are removed) and 1.84 for the core and the region outside of the core, respectively. We, thus, find that Σ B tends to be smaller for the cores than in the areas outside of the cores. The smaller-scale SMA data also show a reduced magnetic field significance with Σ B ∼ 0.5. Generally, closer to and around the emission peaks, the force ratios seem to be smaller. This implies that on these scales the magnetic field is more shaped and dominated by gravity. In the regions outside of the core, the ratios are larger or the field is even dominating gravity (Σ B > 1 for JCMT).
This change in the role of the magnetic field based on the force ratio Σ B might provide a physical explanation of the change of the correlation coefficient C described in section 4.2.1. The tighter correlation of φ ∇I and φ B in the cores suggests that the B field lines are mainly dragged by gravity and, consequently, align with the intensity gradient. Therefore, quantitatively, the B field is indeed of minor importance in the cores. We emphasize that the C value is purely statistical without any physical assumptions. In contrast, the Σ B value is calculated by identifying various terms in an ideal MHD force equation in an observed Stokes I and dust polarization map. These two approaches are, thus, largely independent. They, nevertheless, seem to lead to a consistent picture where the magnetic field significance is reduced in the core regions.
Global Picture of the Magnetic Field in W51 North
Figure 7 schematically summarizes the 4 magnetic field observations analyzed in the previous sections. Each panel represents a plane-of-sky projected observation of the CSO, JCMT, SMA-SubC and SMA-Ext, respectively, where a subsequently higher-angular-resolution observation is zooming in on a previous one. In this sequence of observations, field morphologies are sampled from a 3 pc scale down to a 60 mpc physical scale.
These four panels represent the field geometry from different layers or from different scales in the W51 North region. For the CSO image, the flux from an optically thick 20 ′′ (the CSO resolution) source at a rotational temperature T of 15 K will be 270 Jy, and 760 Jy at T=30 K. This is in the range of Stokes I intensity in the observed region (Dotson et al. 2010) . We note that the rotational temperature of W51 N is 45 K as traced by ammonia lines (Zhang & Ho 1997) and the detected structure is ∼10 ′′ . A decreasing temperature from the UCHII region to the outer surrounding gas is further proposed by Zhang et al. (1998) . Thus, the gas temperature within a 20 ′′ beam is unlikely to be much higher than 30 K. Unless the temperatures are substantially higher, the average opacity must be of order 1. Furthermore, the observed polarization arises from the difference in emissivity of dust grains. In an optically thick medium, the polarization comes from upper layers. We then expect the field morphology to rather result from an upper surface layer than from the deeper embedded core. This is the first panel in Figure  7 which is labeled as envelope surface layer. The field is mostly uniform here, with a single orientation still reflecting the largest scale field structure. The field-to-gravity force ratio is relatively large (∼ 0.7, Table 4 ) and rather uniform with only a minor difference between core and outside-core region (Figure 4e) . The correlation C, between field and intensity gradient orientations, is poorest outside the core (C ∼ 0.59). This all is suggestive of a magnetic field that is still retaining its tension force in this surface layer.
The JCMT 850 µm observation -with a higher resolution and reaching deeper inside the core -shows still some uniform patches in field morphology, but also clearly displays changing field orientations in the core. In this next deeper layer (labeled as molecular cloud in Figure 7) , the field ratio shows a clear difference between core (∼ 0.4) and outside-core region (> 1, Figure 4f ). This might indicate that gravity is overcoming the field tension in the core area, whereas the field remains significant at larger distances, possibly even holding back material from further accreting onto the core. Thus, the CSO and JCMT observations, despite covering similar areas, seem to sample different depths where the magnetic field seems to play different roles.
The SMA-SubC 870 µm observation is akin to zooming in on the JCMT observation. The force ratio Σ B and the correlation C are comparable to the JCMT values. This observation seems to further sharpen the JCMT core, removing some of the extended emission (third panel labeled as core envelope in Figure 7 ). In addition to the JCMT observation (which already shows a core being dominated by gravity), the North-South symmetry in the SMA-SubC field morphology provides a hint for yet another role of the magnetic field: material can be channeled along the field lines onto an east-west axis. Finally, the SMA-Ext data with sub-arcsecond resolution clearly resolve the ∼ 0.3pc structure into 4 cores (fourth panel labeled as core/disk in Figure 7 ). Distinct morphologies are found for individual cores, with all cores consistently showing the tightest correlations (∼ 0.9) and clearly low force ratios (∼ 0.4). At this scale, an hourglass-like morphology is becoming visible.
In summary, we thus propose a schematic scenario in Figure 7 , for the change in the B field, from the largest scale envelope surface layer down to the scale where a collapsing core is being revealed. The scenario described above emerges from visual impressions from the field morphologies, combined with a quantitative analysis from correlations and force ratios.
Finally, it is interesting to remark that generally the correlation coefficients C are found to be larger in the cores than outside of the cores in all 4 scales and/or layers. The mean φ δ (the difference between φ ∇I and φ B ) and its standard deviation in the cores tend to be smaller than the ones outside the cores. Both the analyses of C and φ δ suggest that φ B has a tighter correlation with φ ∇I in the cores. Similarly, the force ratio of the B field strength and the gravity (Σ B ) in these 4 data sets also reveal a common trend: Σ B tends to be smaller in the cores than outside the cores, suggesting that gravity is generally playing a more important role within the cores. As already quantified and observed for other sources (Koch et al. 2012b) , we can thus consistently confirm that the magnetic field significance systematically decreases toward the cores for various physical scales.
CONCLUSION AND SUMMARY
We present new high-resolution SMA dust polarization observations toward the molecular cloud W51 North. Beyond the polarization imaging we also apply new analysis techniques providing insight into the role and importance of the magnetic field. Furthermore, we make the first attempt to present a magnetic field picture from the largest scales (3 pc) -from previously published CSO and JCMT data -to the SMA detected collapsing cores (∼ 60 mpc). The key points are summarized in the following.
1. Our new SMA high-resolution observations in the subcompact (SMA-SubC, angular resolution θ syn of 4 ′′ ) and extended (SMA-Ext, θ syn of 0. ′′ 7) array configurations clearly detect and resolve the dense structures in W51 North. With the observed thermal dust Stokes I continuum emission at a wavelength of 870 µm, four dense cores, SMA1 to SMA4, are resolved in an east-west dust ridge.
2. The polarized thermal continuum at 870 µm is detected and resolved with an angular resolution up to 0. ′′ 7 for the first time with the SMA. The polarization percentage P ranges from 1 % to 4 %. P is found to decrease with higher intensity for both the SMA-SubC and SMA-Ext data. This trend is also largely identical to the larger scale CSO and JCMT polarization data.
3. The observed magnetic field configuration on the ∼ 0.3 pc scale with the SMA-SubC shows some mirror-symmetry features from North to South. Here, the field lines might be channeling and aligning material from both North and South. At a ∼ 60 mpc scale resolution observed with the SMAExt, dense cores are, indeed, detected along the east-west mirror symmetry axis. Smooth changes in field morphologies are found within individual cores, whereas large overall changes in position angles can occur in between the cores. 4. A correlation between dust intensity gradient position angles (φ ∇I ) and magnetic field position angles (φ B ) is found in the CSO, JCMT and both SMA data sets. This correlation is further analyzed quantitatively. A systematically tighter correlation between φ ∇I and φ B is found in the cores, whereas at larger distances the correlation decreases.
5. Magnetic field to gravity force ratio (Σ B ) maps are derived using the newly developed polarizationintensity gradient method (Koch et al. 2012a) . In this method, Σ B is quantified by measuring angles that reflect the resulting forces shaping the dust Stokes I and magnetic field morphologies. We find that the force ratios tend to be small (Σ B < ∼ 0.5) in the cores in all 4 data sets. In regions outside of the cores, the ratios increase or the field is even dominating gravity (Σ B > 1). This possibly provides a physical explanation of the tightening correlation between φ ∇I and φ B in the cores: the more the B field lines are dragged and aligned by gravity, the tighter the correlation is. Intuitively, in such a scenario one expects gravity to play an increasingly dominating role. The analysis via the force ratio Σ B seems to consistently confirm this expectation. We stress that correlation and Σ B are independent approaches. They, nevertheless, seem to reveal a matching picture.
6. Interpreting the four polarization observations covering different physical scales, we propose a schematic scenario for the magnetic field in W51 North (Figure 7 ). In the largest envelope surface layer (CSO), the field has kept much of its tension force. In the deeper-layer JCMT observation, gravity has overcome the magnetic field in the core whereas in the outside the field tension is significant, capable of holding back material against gravity. Both higher-resolution SMA observations show gravity dominating the field tension. In SMASubC, the field is possibly channeling material from
North and South onto an east-west axis. In SMAExt, four higher-resolution cores are aligned in an east-west axis, with a field morphology pointing toward hourglass-like structures as expected in a core/disk system.
